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1. INTRODUCTION 
The purpose of t h e  U.S. Corn and Soybeans Exp lo ra to ry  Experiment .- Cl ass i  f i- 
c a t i o n  Procedures Ve r i  f i c a t i ~ n  Test was t o  eva luate t h e  performance of t h e  
adapted Large Area Crop Inven to ry  Experiment (LACIE) T r a n s i t i o n  Year (TY) 
c l a s s i f i c a t i o n  procedure f o r  co rn  and soybeans. See re fe rence  1 f o r  a 
d iscuss ion  of t he  procedure used i n  t h i s  t e s t .  I n  t h i s  t e s t ,  25 segments 
se lec ted  f rom f o u r  agrophysical  u n i t s  (A?U1s) were processed by t h r e e  groups 
o f  analysts.  Ana lys is  o f  var iance techniques were used t o  determine t h e  
fac to rs  which were impor tant  t o  t he  qua1 i t y  o f  t h e  c l a s s i f i c a t i o n s  per-  
formed. The f a c t o r s  eva luated were group e f f e c t s  and APU e f f e c t s .  The 
c l a s s i f i c a t i o n  r e s u l t s  were evaluated t o  determine t h e  e f fec t i veness  o f  the 
procedure i n  producing corn and soybeans p ropo r t  i o n  est imates , 
2. FACTORS AFFECTING THE QUALITY OF THE CLASS I FICAT IONS 
The segrjients used i n  t h i s  t e s t  were from APU's 14, 24, 25, and 28 located i n  
Missouri, Iowa, I 1  1  i no i s ,  and Indiana. Because APU 24 had a  small number o f  
segments and APU's 14 and 24 were reasonably s im i l a r ,  APU's 14 and 24 were 
merged and designated APU 14 for  evaluat ion purposes. 
Three groups o f  analysts processed the segments. Group I processed 19 o f  the 
segments, whereas groups I 1  and I11  each processed 18 segments. The a l loca-  
t i o n  o f  t he  segments among the  groups and APU's i s  shown i n  t a b l e  1, The 
l i n e a r  model and r e l a t e d  assumptions used i n  the  analyses of variance are des- 
c r ibed i n  reference 2. 
The fo l l ow ing  measures of c l a s s i f i c a t i o n  q u a l i t y  were used i n  the analyses o f  
variance: 
a. Propor t ion est  i n ~ a t  ion e r r o r  
b. Percentage o f  p i c t u r e  elements (p i xe l s )  c o r r e c t l y  c l a s s i f i e d  
c. Reduction i n  the  expected propor t ion  est imate variance if a  bias correc- 
t i o n  were appl ied t o  the  c l a s s i f i c a t j o n  r e s u l t s  
d. Analyst dot  l a b e l i n g  accuracy 
The factors were tes ted  f o r  t h e i r  e f f e c t s  i n  t he  f o l l o w i n g  order: f i r s t ,  
i n t e r a c t i o n  between groups and APU's; second, group ef fects;  and, t h i r d ,  APU 
e f fec ts .  If a  s i g n i f i c a n t  r e s u l t  was obtained a t  one stage, i t  was impossible 
t o  t e s t  f o r  s i g n i f i c a n t  r e s u l t s  a t  a  l a t e r  stage. 
Table 2 shows the  average propor t ion est imat ion e r r o r  and average absolute 
propcr t ion  e r r o r  f o r  corn and soybeans by group and by APU. S ign i f i can t  d i f -  
ferences are i nd i ca ted  by numbers i n  parentheses f o l l o w i n g  the  values. No 
s s i g n i f i c a n t  e f f e c t s  were found i n  the  r e s u l t s  f o r  corn. For soybeans, a  s i g -  
n i f i c a n t  d i f f e rence  i n  t he  propor t ion e r ro rs  was found between groups I 1  and 
111. The absolute propor t ion  e r r o r  was s i g n i f i c a n t l y  d i f f e r e n t  f o r  APU 14. 
TABLE 1.- DISTRIBUTION OF SEGMEIiTS BY GROUP AND BY W!J 
[Parentheses ind icate  processed data  which were not  used 






( X I  
Group I 1  
TABLE 2.- PROPORTION ESTIMATION ERRORS 
[Signi f icant  di f ferences a r e  indicated hy number 
i n  parentheses fol lowing the values3 
The r e s u l t s  f a r  t he  percentage o f  p i x e l s  correctly c l a s s i f i e d  arc  shown i n  
t a b l e  3. An i n t e r a c t i o n  between g~oups and APU1s fa r  the percentage o f  car -  
r e c t  c l a s s i f i c a t i o n  (PCC) f o r  c lass "other"  made i t  imposs i i~ l  e t o  determine 
group and APU e f f e c t s  f o r  the  PCC f o r  "other." The on ly  s i g ~ ~ i f i c a n t  tsesult 
was a group e f f e c t  f o r  t h e  PCC f o r  corn, where the  group 111 r e s u l t  was s ig -  
n i f i c a n t l y  d i f f e r e n t  from the  group I and I 1  r e s u l t s *  
The r e s u l t s  o f  reduct ions i n  variance a re  shown i n  t a b l e  4, I n  analyzing the  
r e s u l t s  f o r  corn, a  s i g n i f i c a n t  i n t e r a c t i o n  between groups and APU's made i t  
i~nposs ib i c  t o  t e s t  f o r  group and APU e f f e c t s  I n d i v i d u a l l y .  There were no s iq -  
n i f i c a n t  e f f e c t s  f o r  soybeans. 
Tables 5 and 6 show the dot l a b e l i n g  accuracy fo r  type 1 and type 2 dods. 
There were group e f f e c t s  f o r  t he  type 1 dot  l a b e l i n g  accuracy f o r  corn and fo r *  
t h e  ove ra l l  category. I n  both cases, group I11 was s i g n i f i c a n t l y  d i f f e r e n t  
from groups I and 11. A s i g n i f i c a n t  APU e f f e c t  was shown fo r  t he  l a b e l i n g  
accuracy f o r  class "other"  i n  both the type 1 and type 2 dots. I n  both cascs, 
APLJ 14 was s i g n i f i c a n t l y  d i f f e r e n t  from APU's 25 and 28. 
I n  summary, t h e  observed group e f fec ts  involved dot l abe l  i n g  accuracy and PCC 
f o r  corn. I n  both cases, group I11  was cons i s ten t l y  l ess  accurate than 
groups I and 11. Since a1 1  th ree  groups were given the  same t r a i n i n g  and were 
t o  fo l l ow  t h e  sane procedures, i t  would appear t h a t  there  was some misunder- 
standing o f  the  procedure f o r  corn by group 111. 
The observed APlJ e f f e c t s  i n v o l  ved dot 1  abel i ng accuracy and propor t  i on cr;t ima- 
t i o n  e r r o r  fo r  soybeans. I n  both cases, APU 14 had l ess  accurate r e s u l t s  than 
APU's  25 and 28. It appears t h a t  dot l a b e l i n g  fo r  soybeans i s  more d i f f i c u l t  
i n  APU 14, It i s  i n t e r e s t i n g  t o  note t h a t ,  although t h e  dot l a b e l i n g  f o r  
type 1 dots sh~wed a  s i g n i f i c a n t  d i f ference,  the  PCC f o r  t h e  c l a s s i f i c a t i o n s  
based on these dots d i d  not show a s i g n i f i c a n t  d i f ference.  
TABLE 3,- PERCEMAGE OF PIXELS CORRECTLY CLASSIFIEQ 
[Signf f icnnt  df fferenccs are f ndlcatcd by nr~lbor 
i n  parcnthcses fol 1 ow? ng the vill ues3 
TABLE 4 e *  PERCENTAGE OF REDUCTION IN VARIANCE EXPECTED IF R I A S  
CQRRECTIOM IS PERFORMED ON CLAS.SIFICK"!'OF? RESULTS 
TABLE 5.- TYPE 1 DOT LABELING ACCURACY 
[PCL x percentage o f  dots c o r r e c t l y  1  abel ed; s i g n i f i c a n t  d i f fe rences 
are ind ica ted  by the  number i n  parentheses fo l l ow ing  the values3 
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3. CLASSIFICATION PROCEDURE EVf;LUATION 
I n  order  t o  determine t h e  e f f ec t i veness  o f  t he  c l a s s i f i c a t i o n  procedure i n  
produc ing p r o p o r t i o n  est imates,  t h e  var ious stages i n  t h e  c l  ass i  f i c a t  i on  pro-  
cedure must be inves t iga ted .  One way o f  do ing t h i s  i s  t o  c a l c u l a t e  p r o p o r t i o n  
est imates based on l y  on t he  i n fo rma t i on  a v a i l a b l e  a t  a  p a r t i c u l a r  stage. By 
comparing t h e  accuracy a t  t h e  d i f f e r e n t  stages, one can determine which s teps 
a r e  necessary and which steps are not. 
The c l a s s i f i c a t i o n  procedure cons i s t s  o f  t h e  f o l l  owing s teps : 
a. Two se ts  o f  dots a re  l abe led  as corn, soybeans, o r  "o ther "  by t h e  analyst .  
b. Using one set  o f  ana lys t - labe led  ( t ype  1) dots as seed p i x e l s ,  a l l  p i x e l s  
i n  t he  segment are grouped i n t o  c l u s t e r s  on t h e  bas is  o f  t h e i r  spec t ra l  
values. 
c. Each o f  t he  c l u s t e r s  i s  l abe led  as corn, soybeans, o r  "o ther "  by t h e  
ana lys t - labe led  t y p e  1 do t  c loses t  t o  the mean o f  t he  c i u s t e r .  
d. On t he  bas is  o f  t h e  means and variances fo r  each c l u s t e r ,  -vary p i x e l  i n  
the segment i s  c l a s s i f i e d  as corn, soybeans, o r  "o ther . '  
eh Using t h e  second se t  o f  ana lys t - labe led  ( type 2) dots  as a  random sample 
o f  the  segment, t h e  p ropor t ions  based on t he  c l a s s i f i c a t i o n  a re  co r rec ted  
f o r  any b i as  in t roduced by t h e  c l a s s i f i c a t i o n  process. 
P ropo r t i on  est imates can be c a l c u l a t e d  a t  t he  f o l l o w i n g  f o u r  stages i n  t h e  
c l  ass i  f i c a t  i on procedure: 
a. At the  do t  l a b e l i n g  stage, t he  type  2 dots  can be aggregated on t h e  bas i s  
o f  t h e i r  l a b e l s  t o  determine a  p ropor t ion .  
b. At t he  c l u s t e r i n g  stage, a  p ropo r t i on  can be determined by aggregat ing t h e  
p i x e l s  i n  a  c l u s t e r  on t h e  bas is  o f  t he  l abe l  assigned t o  t h e  c l u s t e r .  
c. A t  t h e  c l a s s i f i c a t i o n  stage, a  p ropo r t i on  can be deterl,,;ned by aggregat ing 
the  p i x e l s  on t he  bas is  o f  t he  l abe l s  assigned by t he  c l a s s i f i e r .  
d. A t  the  b i a s - c o r r e c t i o n  stage, t he  f i n a l  est imate produced by t h e  procedure 
can be used, 
3- 1  
The set o f  c l a s s i f i c a t i o n s  used i n  t h i s  eva lua t ion  i s  l i s t e d  i n  t a b l e  1. FOP 
the purposes o f  evaluat ing the c l a s s i f i c a t i o n  process, f i v e  o f  the c l a s s i f i c a -  
t f o n s  were not used: 882 and 127 by group I; 882 by group 11; 837 and 860 by 
group I1 I.  El  irni na t ing  these c l a s s i f i c a t i o n s  resu l ted  i n  each segment being 
represented tw ice  by two d i f f e r e n t  groups. Groups X and I 1  were represented 
17 times each, whereas group 111 was represented 16 times. 
A1 though i t  i s  poss ib le  t o  determine a  propor t ion  a t  t h e  c l u s t e r i n g  stage, 
c l u s t e r i n g  propor t ions are not presented. The c l  uster-based proport  ions a re  
no t  included because t h e  c l u s t e r  and c l a s s i f i c a t i o n  propor t ions  are essen- 
t i a l l y  i d e n t i c a l .  F igure 1 shows the  c l a s s i f i c a t i o n  propor t ions P(CLS) as a  
func t i on  o f  t h e  c l u s t e r  propor t ions P(CLU) f o r  t he  segments involved i n  t h i s  
evaluat ion. The l i n e a r  regressions shown i n  the f i g u r e  i n d i c a t e  an almost 
pe r fec t  c o r r e l a t i o n  between the two propor t ion  est imates ( R ~  = 0.59907). 
Therefore, p ropor t ion  estimates are ca lcu la ted  f o r  t h e  type 2 dots, c l as -  
s i f  i ca t i on ,  and b i  as-correct i on  stages. 
F igure 2 shows the e r ro rs  i n  the  propor t ion  estimates as a  funct ion o f  t h e  
t r u e  proport ion. The mean error ,  standard deviat ion,  and mean square e r r o r  
f o r  each est imator are presented i n  t a b l e  7 (page 3-7). The mean e r r o r  i s  a  
measure o f  t h e  b ias  i n  t h e  estimator. The standard dev ia t i on  i s  a  measure of 
the es t imator 's  v a r i a b i l i t y .  The mean square e r r o r  i s  an i n d i c a t i o n  o f  the  
o v e r a l l  performance o f  t he  estimator. 
The mean e r r o r  fo r  corn was negative a t  t he  dot  l a b e l i n g  and b ias-cor rec t ion  
stages and p o s i t i v e  a t  t he  machine c l a s s i f i c a t i o n  stage. The mean square 
e r r o r s  were near ly  the  same a t  the dot l a b e l i n g  and b ias-cor rec t ion  stages. 
This  ind ica tes  tha t  the machine processing d i d  not improve the  propor t ion  
estimate. The type 2 dots produced as good an est imate by themselves as 
when they were used t o  es tab l ish  a b ias-cor rec t ion  f a c t o r  f o r  the  machine 
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The mean e r r o r  fo r  soybeans was negat ive a t  a l l  th ree  stages, At the  machine 
c l a s s i f i c a t i o n  stage, the  mean e r r o r  and standard dev ia t i on  were a c t u a l l y  l e s s  
than a t  t h e  dot l a b e l i n g  and b ias-cor rec t ion  stages. As i n  t he  corn e s t i -  
mates, t h e  type 2 dots produced as good an est imate alone as when they were 
used t o  es tab l i sh  a b ias-cor rec t ian  f a c t o r  f o r  t he  n~achine c l a s s i f i c a t i o n .  
Table 8 shows the r e l a t i v e  improvement i n  the est imate a t  one stage over t h a t  
o f  t he  previous stage. The percentage of c l a s s i f i c a t i o n s  improved and the  
mean improvement are indicated. The improvement i s  def ined as the reduct ion  
i n  the  absolute value o f  the  e r r o r  i n  going from one stage t o  the next, (For 
example, i f  the  e r r o r  a t  one stage was 5 percent and the e r r o r  a t  a subsequent 
stage was -3 percent, then the  improvement would be 2 percent.) These r e s u l t s  
are consis tent  w i t h  the  r e s u l t s  presented i n  t a b l e  7. If one uses the  square 
r o o t  of t h e  mean square e r r o r  as a measure o f  t he  ovcraf 1 e r r o r  a t  a given 
stage, the  improvements are, i n  a l l  cases, l ess  than 20 percent of t h i s  value. 
Therefore, t h e  machine processing has made a minimal change i n  p ropor t ion  
est imat ion accuracy. 
The sources o f  the propor t ion  e r ro rs  can be separated i n t o  i npu t  e r ro rs  ;I: t he  
form o f  r i l i  s', abel ed dots and e r ro rs  i n  the  propor t ion  est imat ion procedure 
i t s e l f .  I n  order t o  determine the  amount of e r r o r  introduced by the  propor- 
t i o n  est imat ion procedure, c l a s s i f i c a t i o n s  were performed using ground-truth 
do t  labels  as input.  The e r ro rs  i n  these c1assif . icat ions are caused by the  
procedure alone. The r e s u l t s  o f  these ground-truth-based c l a s s i f i c a t i o n s  are  
shown i n  f i g u r e  3. The mean er rors ,  standard deviat ions,  and mean square 
e r r o r s  are presented i n  t a b l e  9. Table 10 shows the  improvements a t  the  v a r i -  
ous stages i n  the process. 
For  both corn and soybeans, about 60 percent o f  t h e  c l a s s i f i c a t i o n s  had b e t t e r  
b ias-cor rec t ion  estimates than dot l abe l  i n y  estimates. However, the  mean 
improvement was less than 1 percent. The b ias-cor rec t ion  and dot l a b e l i n g  
estimates are not s i g n i f i c a n t l y  biased. Although there  was an improvement 
between the do t  l a b e l i n g  est imate and t h e  b ias-cor rec t ion  estimate, t he  
TABLE 7.- U* S*  CORN AND SOYBEANS EXPLORATORY 
EXPERIMENT - CLASS I F  ICATION ERRORS 
TABLE 8. - U*  S- CORN AND SOYBEANS EXPLORATORY 
EXPER IMENT - CLASS IF ICAT ION IMPROVEMENT 
1 
Source o f  
c l a s s i f i c a t i o n  
Type 2 dots  as 
random sample 
C l a s s i f i c a t i o n  
sources compared 
Machine c l a s s i f i c a t i o n  
vs. t ype  2 dots  
Machine c l a s s i f i c a t i o n  
B i  as-corrected 
machine c l a s s i f i c a t i o n  
Bias c o r r e c t i o n  vs. 
machine c l a s s i f i c a t i o n  
Corn 
Bias c o r r e c t i o n  vs. 
t ype  2 do ts  
Mean 





Corn 1 Sovbcans 
10.00 1 103.81-4.671 tX3: 1 
7.74 73.4 -5.80 
Mean 
e r r o r  
-5.76 
Standard 





dev i  a t  i on 
7.34 
Mean 
























TABLE 9.1 U e  S *  CORN AND SOYBEANS EXFLQRATORY EXPER IMENT - CLASS IF ICATION 
ERRORS USING GRQUND-TRUTH LARELS AS INPUT 
c l a s s i f i c a t i o n  
Type 2 do ts  as 1.55 5.19 28*3 1,QQ 4.14 
random sampl c 
Machi nc c l a s s i f i c a t i o n  8.21 8* 98 144. 7 -2.28 5.63 
B! as-corrected 1 . 00 4.07 17.0 0.47 3.08 
machine c l a s s i f i c a t i o n  
A+- 
TABLE 10,- U * S e  CORN AND SOYBEANS EXPLORATORY EXPERIMENT - CLASSIFICATIOEJ 
IMF"ROVEr?lEFU'T US IiU'G GWUUMti-TRUTH LABELS AS INPUT 
C l a s s i f i c a t i o n  
sources compared 
Machine c l a s s i f i c a t i o n  
V S *  type 2 do t s  
B ias  co r r cc> ion  vs. 
machin? c l a s s i f i c a t i o n  
B ias  c o r r e c t i o n  vs. 


























improvement js not  great enough t o  warrant the e f f o r t  invo lved i n  performfng 
t h e  mschi na el assi  f i c a t i  on. 
The most i n t e r e s t i n g  Qeature o f  the  ground-truth-based c l a s s i f i c a t i o n  r c s u l t s  
i s  t he  l a r g e  mean e r r o r  i n  the  machine c l a s s i f i c a t i o n  propor t ions fo r  corn. 
The p l o t  Sn f i g u r e  3 shows t h a t  the e r r o r  increases w i t h  increased t r u e  pro- 
po r t i on ,  I n  fact, the  mean square e r r o r  of 144.7 ( t ab le  9 )  i s  l a r g e r  than t h e  
mean square e r r o r  o f  103.8 f o r  t he  analyst-based machine c l a s s i f i c a t i o n  
r e s u l t s  ( t a b l e  7). This ind ica tes  a ser ious problem w i t h  the  procedure, s ince 
one wotild expect the  r e s u l t s  t o  itnprovc o r  remain the same when t r u e  l a h e l s  
a r c  subs t i t u ted  f o r  analyst labels .  
A possib le source f o r  t h e  b ias could be t h a t  the  tyoe 1 dots, used as i n p u t  
f o r  the  c l a s s i f i c a t i o n ,  are not  representat ive o f  t he  e n t i r a  segment. I n  
o rde r  t o  determine i f  t h e  type I, dots are representa t ive  o f  t he  segrtent: as a 
wholc, a p ropo r t i on  est imate can be ca lcu la ted  us ing  the  type 1 dots as a ran r  
dom saniple of t he  segment. If the  type 1 dots are representa t ive  of t he  sen- 
ment, the  est imate should he unbia;cc,. Figure 4 shows t h e  propor t ion  estima- 
t i o n  e r ro r  f a r  the type 1 dots. As one might expect, the  corn est imate has an 
8.48-percent p o s i t i v e  bias. This i s  very c lose t o  the  b ias  o f  8.21 percent i n  
t h e  c l a s s i f i c a t i a n  estimate. The type 1 dot est imate shows the  same t rend  as 
the c l a s s i f i c a t i o n  estimate. Therefore, t he  type 1 dots are not  representa- 
t i v e  of thr: segment, which i s  responsible fo r  t he  b ias  i n  the  c l a s s i f i c a t i o n  
r e s u l t s .  
Tha quest ion t o  consider now i s :  Why are the type I dots a biased sample o f  
the segment? These dots are a set  taken from a random g r id ;  thus, the loca-  
t i o n  should not produce a bias. One r e s t r i c t i o n  was placed on the  dots: t h a t  
a dot  which f a l l s  on a f i e l d  boundary i s  not used. I n  t h i s  p a r t i c u l a r  t e s t ,  
t ype  1 dots were used on ly  i f  they were more than one-half p i x e l  away from a 
f i e l d  boundary. i f  the  propor t ion  i s  ca lcu la ted  us ing a1 1 o f  those p i x e l s  
which meet t h e  p u r i t y  c r i t e r i o n  and t h i s  est imate i s  biased w i t h  respect t o  
t h e  t r u e  proport ion, then t h e  p u r i t y  r e s t r i c t i o n  on the  type 1 dots i s  t h e  
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an a l l  pure p i x e l s  i n  t h e  segment as a func t ion  o f  t h e  t r u e  p ropor t ion .  The 
p ropo r t i on  e r r o r s  f o r  corn show t h e  same t r e n d  t o  g rea te r  e r r o r  w i t h  increased 
p ropor t ion ,  as seen i n  t h e  t ype  1 dot p ropo r t i on  and c l a s s i f i c a t i o n  r e s u l t s .  
The mean e r r o r  fo r  co rn  i s  7.61 percent, which i s  cons i s ten t  w i t h  t he  e r r o r s  
observed f o r  t h e  t ype  1 d o t  aqd c l a s s i f i c a t i o n  est imates. 
The conc lus ion frorn ch is  ana l ys i s  would be t h a t  t h e  t ype  1 do ts  a re  more 
r e p r e s e n t a t i v r  o f  the  pure p i x e l s  i n  t h e  scene than o f  t h e  e n t i r e  scene. 
Since the  pure  p i x e l s  d re  a b iased sample o f  t h e  segment, t h e  p ropo r t i ons  
based on t h e  cype 1 dots  and cn t h e  c l a s s i f i c a t i o n  w i l l  a l so  be biased. One 
w t s 4  o f  v e r i f y i n g  t h i s  conc l  usior l  i s  t o  compare t h e  p r o p o r t i o n  est imates w i t h  
t h e  ground- t ru th  p ropo r t i ons  based on pure p i xe l s .  If the  mean e r ro r ,  stand- 
a rd  d e v i a t ~ s n ,  and mean square e r r o r  a re  l e s s  when t h e  pure p i x e l  g round- t ru th  
p r o p o r t i  on i s  used r a t h e r  than t h e  e n t i  r e  scene g round- t ru th  p r o p o r t i  on, then 
t h e  p ropor t ions  are more rep resen ta t i ve  of t h e  pure p i x e l s  than  o f  the  e n t i r e  
scene. FSgure C shows t h e  r e s u l t s  of these comparisons. The corn est imates 
do not show t h e  l a r g e  p o s i t i v e  b i as  ev ident  when t h e  e n t i r e  scene p ropo r t i on  
i s  used as t h e  t r u e  p ropor t ion .  The mean e r ro r s ,  standard dev ia t ions ,  and 
mean square e r r o r s  corresponding t o  f i g u r e  6 a re  presented i n  t a b l e  11 I The 
mean e r ro r s  f o r  t h e  corn est imates are reduced f rom more than 8 percent  t o  
l e s s  than 1 percen t *  There was a s l i g h t  r educ t i on  i n  t h e  standard dev ia t ion .  
The mean square e r r o r  was reduced by 50 percent o r  more. The r e s u l t s  f o r  soy- 
beans were no t  as s t r a i g h t f o r w a r d  as those fo r  corn. Al though t h e  mean square 
e r r o r  f o r  t h e  type  1 dots  decreased s l i g h t l y  when pure p i x e l  p ropo r t i ons  were 
used, the mean square e r r o r  f o r  t h e  c l a s s i f i c a t i o n  ac tua l  l y  increased. These 
changes are not s i g n i f i c a n t  because t h e  pure p j x e l  and e h t i r e  scene ground- 
t r u t h  p ropo r t  ions were close. 
The b ias and about one-hal f  o f  t h e  v a r i a b i l i t y  i n  t h e  p r o p o r t i o n  est imates a re  
t h e  r e s u l t  o f  analyst  dot l a b e l i n g  e r ro rs .  A summary o f  t h e  ana l ys t  do t  
l a b e l i n g  accuracy i s  shown i n  t a b l e s  12 and 13. The o v e r a l l  accuracy f o r  
t y p e  1 dot l a b e l i n g  was 86 percent, whereas t he  accuracy f o r  t y p e  2 dot  l a b e l  - 
i n g  was 75 percent. Th is  i s  probably a  consequence o f  t h e  f a c t  thci t  a l l  o f  









TABLE 11 * -  EFFECT OF USING PURE PIXEL GROUND-TRUTH PROPORT IONS 





Source o f  
z l  ass i  f i c a t i o n  
est imate 
Type 1 dots as 
random sample 
Mac h i  ne 
c l a s s i f i c a t i o n  
Type 1 dots as 
random sample 
Mach i ne 
c l a s s i f i c a t i o n  
1 
Source o f  
ground-trut ' l~ 
proporti on 
En t i re  scene 
Pure p i x e l  s 
En t i re  scene 
Pure p i x e l s  
En t i re  scene 
Pure p i x e l s  
En t i re  scene 
Pure p i xe l  s 
Standard 
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exp la in  t h e  f a c t  t h a t  the soybean propor t ion  est imates based on c l a s s i f i c a t i o n  
r e s u l t s  were b e t t e r  than those based on the  type 2 dots when analyst  l abe l s  
were used. Although the  c l a s s i f i c a t i o n  est imates are usua l l y  l ess  accurate, 
t he  b e t t e r  l a b e l i n g  f o r  the t y p e 4  dots was enough t o  improve the  c l a s s i f i c a -  
t i o n  resu l ts .  I n  look ing  a t  t h e  confusion between the  categories (corn, soy- 
beans, and "other") ,  i t appears tha t  t he re  i s  greater  confusion between corn  
and ' tother" than between corn and soybeans. 
I n  order t o  detern ine how we l l  the c l u s t e r i n g  a lgor i thm i s  working i n  separat- 
i n g  the crop o f  i n t e r e s t  from a noncrop, the  c l u s t e r  p u r i t i e s  were ca lcu la ted  
fo r  corn and f o r  soybeans. Histograms o f  c l u s t e r  p u r i t y  are shown f o r  corn 
and soybeans i n  f i g u r e s  7 and 8. The number o f  c l u s t e r s  w i t h  given crop pro- 
por t ions  i s  p l o t t e d  as a func t i on  o f  t he  crop proport ion. I dea l l y ,  these h i s -  
tograms should show two maxima (a t  0 percent and 100 percent) represent ing 
pure noncrop and crop c lus ters .  The histogram should be zero a t  t he  center. 
I n  the f igures ,  one does see t h e  expected two maxima w i t h  a minimum o f  approx- 
imate ly  50 percent. The crop maximum i s  f a i r l y  broad, but  i t  appears t h a t  t h e  
c l u s t e r i n g  a lgor i thm i s  separat ing crop and noncrop p i x e l s  t o  a c e r t a i n  
extent.  

8,00 28.88 48,@6 8@,W 88,68 18#.88 
Soybeans propor t ion  i n  c lus te r ,  % 
Figure 8. - U. S. Corn and Soybeans Exploratory Experiment 
histogram o f  c l u s t e r  p u r i t y  f o r  soybeans. 
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4. SUMMARY OF RESULTS 
Based on the  studies presented i n  t h i s  document, the  fo l low ing conclusions cat7 
be reached: 
a. The propor t ion  est imates f o r  corn had a b ias  o f  -4 percent w i t h  a standard 
dev ia t ion  o f  8 percent. 
h. The propor t ion  est imates f o r  soybeans had a b ias  o f  -6 percent w i t h  a 
standard dev4 a t  i on  o f  7 percent. 
c. The b ias and about one-half  the  standard dev ia t i on  f o r  both corn and 
soybeans were the r e s u l t  o f  dot  l abe l i ng  errors.  
d. Proport ion estimates based on the  type 2 dots as a random sample are as 
good as the  f i n a l  b ias-corrected resu l ts .  
em The machine c l a s s i f i c a t i o n  r e s u l t s  are i d e n t i c a l  t o  the machine c l u s t e r i n g  
resul ts .  
f. The la rge  b ias  observed i n  t he  c l a s s i f i c a t i o n  propor t ions fo r  corn (when 
t r u e  l abe ls  are used) i s  caused by b ias  i n  the type 1 dots used as i npu t  
t o  the c l a s s i f i c a t i o n  procedure. 
g. The bias i n  the type 1 dots was present because t h e  type 1 dots were 
required t o  be pure. 
h. Although the  three groups used t o  process the  segments were given i d e n t i -  
ca l  t r a i  n i  ng and used i d e n t i c a l  procedures, one group had s i g n i f i c a n t l y  
d i f f e r e n t  dot  1 abel i ng accuracy. 
i. I t  i s  more d i f f i c u l t  t o  l abe l  'other1' dots i n  APU 14 than i t  i s  i n  
APU1 s 25 and 28. 
5. RECOMMENDATIONS 
Dot l a b e l i n g  e r ro rs  are the  greatest  source o f  e r r o r  i n  t he  propor t ion  e s t i -  
mates. If the  q u a l i t y  o f  t he  propor t ion  estimates i s  t o  be imprboved, the  cur-  
ren t  dot  l a b e l i n g  techniques need t o  be improved o r  an a l t e r n a t i v e  f o r  do t  
1 abel i ng found. 
Since t h e  machine processing used i n  t h i s  t e s t  does not  s i g n i f i c a n t l y  improve 
the  accuracy o f  t h e  corn and soybeans propor t ion  estimates, the propor t ion  
est imates can be made using the labeled dots as a  rand0111 sample o f  the 
segment. A l te rna t ives  t o  the machine processing technique used i n  t h i s  t e s t  
should be inves t iga ted  t o  see if a more e f f e c t i v e  technique can be found. 
Since t h e  maximum 1 i ke l  i hood c l a s s i f i c a t i o n  r e s u l t s  are i d e n t i c a l  t o  the 
r e s u l t s  us ing labeled c lus ters ,  it i s  no t  necessary t o  perform the  maximum 
1 i kel i hood c l a s s i f i c a t i o n .  The propor t ion  estimates based on the  c l u s t e r i n g  
r e s u l t s  should be b ias  corrected us ing a  random dot  se t  so t h a t  the k ind  of 
b ias r e f l e c t e d  i n  the corn propor t ion estimates can be reduced. 
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